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Near-infrared electronic spectrum of CH 7

Jennifer L. Gottfried and Takeshi Oka®
Department of Chemistry, Department of Astronomy & Astrophysics, the Enrico Fermi Institute,
University of Chicago, Chicago, lllinois 60637

(Received 12 October 2004; accepted 29 October 2004

Four vibronic bands of thé 2B, (I1,,) — X ?A; electronic transition of CHKl have been observed in

the near infrared from~11000—13 000 cm* using a highly sensitive spectrometer based on a
Ti:sapphire laser and a positive column plasma. The two states are derived from the’Idystite

of the linear conformation as a result of a strong Renner—Teller effect. As expected, the rovibronic
structure of the CEl spectrum is very similar to that of the isoelectronic Btddical reported by
Herzberg and Johns. Results of a preliminary analysis are given in which the rotational structures of
the two states are treated independently, the ground state as a near-prolate asymmetric rotor and the
excited state as a linear molecule. Z)04 American Institute of Physics.

[DOI: 10.1063/1.1835265

Methylene cation, CH, is one of the most fundamental pressure of ~10 Torr) liquid-nitrogen-cooled  positive-
radical carbocations and has been well known in mass spegolumn AC plasma at 19 kHz with a current 6200 mA
troscopy since its early daysAlthough it has been the sub- rms. In order to achieve high sensitivity our near-infrared
ject of numerous kinetic studiésits spectroscopic studies spectrometer incorporates velocity modulation, phase modu-
have been rather limited because the extremely high chemjation with heterodyne detection, bidirectional optical multi-
cal reactivity makes it difficult to produce GHin sufficient  passing, and dual-beam subtraction. The experimental setup
quantities in laboratory plasmas. The first spectrum of CH is nearly identical to that previously describédexcept that
was reported by our group in 1992 as the infrared vibration-custom software has been designed to interface with Coher-
rotation spectrum of the; band, where only th&,=0 se-  ent’s Autoscan software in order to provide greater flexibility
ries was observedl.Subsequently we observed tie,=1 in the laser control as well as significantly improved data
series with spin-rotation fine structure which was analyzedicquisition capabilities. We scanned the entire wavelength
by Jenseret al* Those parallel bandsAK,=0) have pro- range of our Coherent 899 titanium:sapphire ring laser in
vided accurate values of tigandC rotational constants and search of CH transitions using the midwavelength optics
established the quasilinea®,, structure of CH in the  set (~11000—-13 000 cm?').
ground electronic state. More recently, the zero-kinetic- In order to discriminate between the gtHines and the
energy (ZEKE) photoelectron spectroscopy conducted inthousands of absorption lines from unidentified cationic spe-
Merkt's laboratory has determined tierotational constant cies, we use chemical discrimination. With the addition of
through the analysis of perpendiculakK,=1) as well as 100 mTorr of H to the plasma, the CH lines uniformly
parallel bands and led to the experimentally determined zerajecreased in intensity by a factor of3 due to the hydrogen
point structure of rcy=1.1049(41)A  and apcy  abstraction reaction that forms GHat the Langevin rate of
=139.77(27)°>® which is in agreement with thab inito  2x 1079 cm3s L.
calculations. We have identified four vibronic bands, three of which

In this paper, we report the first observation of an electaye peen assigned as thd(0,3,0) X(0,0,0¥,
tronic transition of CH in the near infrared at 0.9 um. As K(O 3 O)Z%X(O 0,0, and "A(O 4 O)OH;((O 0,0} transi-
expected, th.e spectrum is similar to that of isoelectrgnicé.BH tion; ’based on’ t,he ,calculated ,sijbband o’riéins of Osmann
radical studied by Herzberg and JoHnEhe absorption is 12 ~ < o

. < 2 . . et al}? and one to thé\(0,3,0*—X(0,0,0Y transition based
from the slightly bent grounX “A; state to the linear first on the prediction by Bunkeet al’* The three numbers in

excitedAzBl(I_Iu) state. The levels are derived from e, parentheses are quantum numbers of the three normal modes
state of the I|r_1ear co_nformann as a result of _a__strong,,l, v,, and v3 and superscripts are rovibronic angular mo-
Renner_—TeIIer mteractlon._Thgre have been sewarahitio mentumK along the(quasi) linear axis. The four bands are
calculations on the fascinating energy level system °f1'1<—2, A<TI, S« TI, andd A type perpendicular tran-
CHy .®7'%In particular, recent papers by Bunker, Jensen anditions and the excited states are (0.8,ap,9,0%, (0,9,0f
colleague$™~*have provided very accura initio calcu- 5 (0,10,0 in the notation  of F;oplle " and
lations. _— o Longuet-Higginst® which was used by Herzberg and Johns

As before; CH, was produced by Penning ionization of i, he analysis of BH. Using the ground state combination
CH, in a helium-dominated (CiHe~1:100 with a total  gjfferences obtained from our infrared spectréfithe rota-
tional assignments of three of the vibronic bands are com-
3Electronic mail: t-oka@uchicago.edu plete.
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FIG. 1. Stick spectra of th§(0,3,0)1H7((0,0,0)° (uppe) and’A(0,3,0)2H’)‘((O,0,0)1 (lower) bands generated using experimental transition frequencies and
intensities.

The observed CH spectrum is qualitatively identical in
its rovibronic structure to that of BHexcept that the higher
resolution of our laser spectrometer has allowed us to resolve
Upper State  Band v I’ B 10*X D g the spin-rotation fine structure. The size of the spin splitting

o 7156078 L75(57) varies from~0.06 cm ! to more than 7 cmt. Stick dia-
(0,80 [I—%  11140.92192) IH* 6576912 —460(16) 9grams of the simplest and stronge’st0,3,0) +X(0,0,0)
(0,9.0 S—I1 122438384 3~ 6.830655 —16.06(99) band and the more complicatéq0,3,0«X(0,0,0)* band
ATl 12138.53299) {Ai 6.941183) 124700 are shown in Fig. 1. Unassigned lines that mimic the behav-
6.890898)  9.3169  or of the lines assigned to GH(i.e., similar linewidths and
decrease in intensity with the addition of,Hare also in-
aThis band has not yet been rotationally assigned. cluded in Fig. 1. The strongest line observed in all four bands

TABLE II. Constants of theA 2B,(I1,) state of CH (in cm™1%).

(0,10,0 d—A? 1292010 [
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TABLE I. Ground state rotational constants of £Kin cm™1).

Experiment A" (B+C)"/2 (B—-C)"I2 B” c”

Near IR (this work) 7.3822727) 0.40355%97) 7.785810)2 6.9787102

IR dat& 7.3813157)

IR dat& 94(12) 7.382612) 0.399014) 7.781618? 6.983618)%

ZEKE (fit 1)¢ 67.6581)° 7.38091)* 0.39191)2 7.77064) 6.98964)

ZEKE (fit 2)° 69.5368) 7.39232 0.4723) 7.8514) 6.9218)

Calculated for comparison in this table. YReference 6.

PReference 3. ®Value used during the calculation

‘Reference 16. of rotational energy levels.
has a S/N of~55. TheA(0,3,0F—X(0,0,0F band is ex- J.L.G. has been supported by a National Science Foun-
tremely weak and only a few lines are strong enough to pa&lation Graduate Research Fellowship. This work was sup-
observed after the addition of,Ho the plasma. ported by NSF Grant Nos. PHY-0099442 and PHY-0354200.
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